Abstract: The aim of this study was to describe origin, localisation and variations of renal arteries and veins in the rabbit. The study was carried out on 40 adult European rabbits. We prepared corrosion casts of the rabbit arterial and venous system. Spofacryl was used as the casting medium. In 75% of cases the origin of arteriae renales was located at the level of the third lumbar vertebra and in remaining 25% of cases arteria renalis dextra branched off at the level of the second lumbar vertebra. In 10% of cases we observed that the number of arteria renalis sinistra was doubled. We recorded also in one case the presence of arteria renalis accessoria for ren dexter. In 10% of cases we observed that the number of vena renalis sinistra was doubled. In 5% of cases two venae renales sinistrae arose from the kidney and subsequently, about 1 cm from opening to vena cava caudalis, they united to form a single vein. In 5% of cases two venae renales sinistrae arose from the kidney and subsequently, approximately 1 cm away from hilus renalis, they united. The obtained variations of the number of renal arteries were partially homologous to the human, but variations of renal veins were localized on the other side as in human.
Introduction
Knowledge of the variations of renal vascular anatomy has importance in exploration and treatment of renal trauma, renal transplantation, renovascular hypertension, renal artery embolization, angioplasty or vascular reconstruction for congenital and acquired lesions, surgery for abdominal aortic aneurysm and conservative or radical renal surgery. Numerous reports have appeared in the literature describing variations in renal vascular anatomy (Ross et al. 1961) .
Variations in the renal vasculature have etiologic, diagnostic, and therapeutic implications. Etiologically, multiple renal arteries represent persisting mesonephric arteries. Diagnostically, failure of opacification of a portion of the kidney upon arteriography raises the possibility of an infarct, avascular tumour, or intrarenal haemorrhage in the presence of a normal variant .
Therapeutically, as each multiple renal artery is a terminal vessel, its lesion may produce segmental ischaemia with subsequent hypertension. In conservative surgical procedures, besides haemorrhage and the loss of renal parenchyma, a serious consequence of renal arterial lesions is the development of hypertension. The presence of multiple renal arteries increases the complexity of renal transplantation. It has been reported that kidneys presenting anatomic vascular variations are associated with a significantly higher failure rate than kidneys with a single artery (Sansom et al. 1978) . In the past, a number of studies focused on the investigation of vessels in rabbit kidneys which were extrapolated to human (Kwak et al. 2005) .
The aim of this study was to describe origin, localisation and variations of renal arteries and veins in the European rabbit.
Material and methods
The study was carried out on 40 adult European rabbits (Oryctolagus cuniculus L., 1758, age 140 days). We used European rabbits (obtained from farm Veterník p. z., Vyšná Kamenica, Slovak Republic) of both sexes (female n = 20; male n = 20) with an average weight 1.5-1.8 kg in an accredited experimental laboratory at the University of Veterinary Medicine and Pharmacy in Kosice. The studied rabbits originated from the outbred lineage which is every year enriched by new individuals. The animals were kept in cages under standard conditions (temperature 15-20
• C, relative humidity 45%, 12 h light period), and fed with a granular feed mixture (O-10 NORM TYP). Drinking water was available for all animals ad libitum. Twenty rabbits of both sexes were used to prepare corrosion casts of the kidney arterial c 2014 Institute of Zoology, Slovak Academy of Sciences system and another group of the same size and composition served to investigate the venous system. The animals were sacrificed by intravenous injection of Embutramide (T-61, 0.3 ml/kg). Immediately after euthanasia, the vascular network was perfused with a physiological solution. During manual injection of the arterial system through the ascending aorta, the right atrium of the heart was opened in order to lower pressure in the vessels to ensure a well perfused injection. Before injecting the venous system, we fixed the venous valves by means of 10% formalin injected through caudal vena cava, to prevent their reverse closure. Fixation of the venous system was maintained for three hours. Subsequent injection was carried out through caudal vena cava. Spofacryl (polymethylmethacrylate, SpofaDental, Czech Republic) in volume of 30 ml was used as a casting medium. The maceration was carried out in 2-4% KOH solution for a period of 5 days at 60-70 
Results
Arteriae renales, as paired organ arteries supplying the kidneys arose from lateral walls of aorta abdominalis. Arteria renalis sinistra was longer than arteria renalis dextra which was related to more lateral localisation of the left kidney. We observed that in all cases arteria renalis dextra originated more cranially than arteria renalis sinistra (Fig. 1) . In 75% of cases the origin of arteriae renales was located at the level of the third lumbar vertebra and in remaining 25% of cases arteria renalis dextra branched off at the level of the second lumbar vertebra. In 95% of cases the origin of arteriae renales was located caudally from that of arteria mesenterica cranialis. In two cases arteria renalis dextra originated at the same level as arteria mesenterica cranialis. In 10% of cases we observed that the number of arteria renalis sinistra was doubled (Fig. 2 ), both originating at the level of the third lumbar vertebra. We recorded also one case of presence of arteria renalis accessoria for ren dexter (Fig. 3) . This originated from ventral wall of aorta abdominalis between the fourth and fifth lumbar vertebra and entered the kidney at its caudo-medial margin. After entering hilus renalis, arteria renalis gave off individual arteriae interlobares.
Arteria abdominalis cranialis was a paired artery originating from arteria renalis. In 65% of cases arteria abdominalis cranialis dextra originated from arteria renalis dextra ahead of arteria abdominalis cranialis sinistra originating from arteria renalis sinistra. In 30% of cases they both originated from arteriae renales at the same level. In 5% of cases they originated directly from the lateral wall of aorta abdominalis, cranially to the origin of arteriae renales.
Localisation and frequency of opening of venae renales into vena cava caudalis were coincident with the origin of arteriae renales from aorta abdominalis. Venae renales were situated more caudally than arteriae renales. Vena renalis sinistra was longer than vena renalis dextra (Fig. 4) . Vena abdominalis cranialis sinistra opened into vena renalis sinistra in all the cases while vena abdominalis cranialis dextra opened into vena renalis dextra in 65% of cases. In 35% of cases vena abdominalis cranialis dextra opened into vena cava caudalis. In 10% of cases we observed that the number of vena renalis sinistra was doubled. In 5% of cases two venae renales sinistrae arose from the kidney and subsequently, about 1 cm from opening to vena cava caudalis, they united to form a single vein. Vena abdominalis cranialis sinistra also joined this common vein. Vena ureterica cranialis sinistra opened into one of vena renalis sinistra (Fig. 5) . In 5% of cases two venae renales sinistrae arose from the kidney and subsequently, approximately 1 cm away from hilus renalis, they united into one vein. Vena abdominalis cranialis sinistra and vena ureterica cranialis sinistra also opened into this common vein (Fig. 6) . Vena ureterica cranialis sinistra opening into vena renalis sinistra was observed in 20% of cases. Senecail et al. (2003) described that the left anomalies of the renal vein may represent real traps in the interpretation of abdominal imaging, particularly in CT scanning, or in magnetic resonance where they are not always recognized. The abnormal imaging may be the source of technical difficulties in diagnostic or therapeutic angiography (Gillot 1978) and may modify the values obtained by catheter sampling for suprarenal hormonal levels (Satyapal et al. 2001; Senecail et al. 2003 ).
Discussion
An angiographic evaluation of the renal arterial supply must be carried out routinely before kidney donor nephrectomy, in order to identify any arterial variants or covert parenchymal disease (Sansom et al. 1978; Fox & Yalin 1979; Sampaio & Passos 1992) .
The anatomical knowledge of the renal arteries, veins and its variations are of extreme importance for the surgeon that approaches the retroperitoneal region, mainly in face of the current frequency of the renal transplant surgeries, as well as, these anatomical vari- ations should be kept in mind by clinicians and academics that may manipulate this anatomical area (Fernandes et al. 2005) .
The basic form of vascular arrangement of kidneys has two vessels on each side: one artery and one vein for each kidney. The renal arteries originate as independent branches from the abdominal aorta with more cranial origin of the right renal artery (Krause 1884; Nejedlý 1965; Popesko et al. 1990 ). The renal veins are independent tributaries of the caudal vena cava with more cranial empting of the right renal vein (Krause 1884; Nejedlý 1965; Popesko et al. 1990 ). In male, the testicular and in female, the ovarian arteries are arising as independent branches from abdominal aorta with more caudal origin to the renal arteries (Krause 1884; Nejedlý 1965; Popesko et al. 1990 ). In male, the testicular and in female, the ovarian veins are independent tributaries of caudal vena cava with more caudal empting to the renal veins (Krause 1884; Nejedlý 1965; Popesko et al. 1990 ). Krause (1884) described the cranial ureteric vein as a tributary of the renal vein accompanying the corresponding ureter and empting into the corresponding renal vein. Although rabbits are laboratory animals relatively frequently used for studies, there is a considerable gap in angiologic literature regarding the issue of vasculatory variations of rabbit kidneys. Papers dealing with this issue in domesticated rabbit have been published only sporadically (Mierzwa 1975) . Nowicki et al. (2010) found the left renal artery in the European rabbit as double only in 2.63% of cases, in our study we found the double left renal artery in 10% of cases. Studies involved in similar observations in humans are more frequent Fernandes et al. 2005; Das 2008 ). Ozkan et al. (2006) described of 855 consecutive patients with anomalies of the human renal artery in large angiographic evaluation: in 76% of cases was bilaterally present one single renal artery, in 19% of cases were unilaterally present multiple renal arteries and in 5% of cases were bilaterally present multiple renal arteries. Multiple renal arteries were present more often right. In our study, we found that in rabbit was the single renal artery bilaterally present in 85% of cases and multiple renal arteries were present unilaterally in 15% of cases. We didn't find bilaterally multiple renal arteries. Multiple renal arteries were present on both sides in equal proportions. Baptista-Silva et al. (1997) described in anatomical study of the renal veins that on the right side, the renal vein was double or triple in 38.79% and the left renal vein was always unique. In European rabbit we found in 10% of cases that the number of left renal vein was doubled.
Our observations which pointed to double number of both arteriae renales and venae renales, were obtained using relatively significant statistic set of data. The total accuracy of preoperative evaluation using digital subtraction angiography is 91-95% and using CT angiography was 95-97% (Hänninen et al. 2005) . But the total accuracy by intraoperative findings and in our study by preparing corrosive casts was 100%.
Variations of the number of renal arteries were partially homologous to the human, but variations of renal veins were localized on the other side as in human. We find left-sided multiple renal vein, but in human were most often right-sided multiple renal vein (BaptistaSilva et al. 1997) .
